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Editorial 
Air pollution in the 1990sxause of increased 
respiratory disease? 
The dramatic episodes of severe air pollution that 
occurred in the Meuse Valley of Belgium in 1931; 
Donora, Pennsylvania in 1948 and London, U.K. in 
1952 demonstrated that air pollution can lead to 
substantial morbidity and mortality from respiratory 
disease (l-3). Such smogs still occur in several highly 
industrialized areas of Eastern Europe, where levels 
of sulphur dioxide exceed internationally agreed 
safety guidelines throughout the winter. In developed 
countries a new form of pollution resulting from 
increased use of liquid petroleum gas or kerosene in 
industry and increased ownership and use of motor 
vehicles, and characterized by high concentrations 
of atmospheric hydrocarbons, nitrogen dioxide 
(NO,), ozone (0,) lead and respirable particulate 
matter (PM,,), is cause for much concern (4-6). 
Automobiles and power plants emit oxides of nitro- 
gen (NO,), mainly in the form of nitric oxide (NO) 
which is rapidly oxidized by atmospheric ozone to 
form NO,. Indoor use of gas stoves or unvented 
water heaters may generate NO, concentrations far 
in excess of WHO guidelines. In contrast, ozone is 
formed through a complex chemical interaction 
between sunlight, NO,, and volatile organic chemi- 
cals (VOC ) which evaporate into the air mainly from 
solvents, paints, petrol and industrial processes. In 
the UK and other countries where there is consider- 
ably less sunshine, generation of 0, is slow and takes 
a few hours to build up to appreciable levels in the 
atmosphere. This together with the action of prevail- 
ing winds, which carry the pollutants from the urban 
areas where they usually originate, generally results 
in higher levels of 0, in the suburbs and rural areas. 
The mean atmospheric concentration of NO, in 
the U.K. rose by 35% between 1986 and 1991. In 
London, where the radial car traffic movement has 
almost doubled during the last 20 years (7) the 
maximum hourly exposure level for NO, peaked at 
423 ppb in December 1991, the highest yet recorded 
(8). A year later another high peak of 369 ppb NO, 
was recorded in Manchester (9). In places such as Los 
Angeles, Athens, Barcelona and Mexico city, it is 
likely that the effects of strong sunlight, heavy auto- 
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mobile traffic and local geography, combine to 
generate levels of 0, which exceed the WHO guide- 
lines and represent a threat to public health. Indeed, 
it has been demonstrated that Los Angeles is one of 
the worst affected areas in the U.S.A, with recorded 
0, peaks of up to 400 ppb (4). These data are striking 
when compared to the WHO guidelines for maximal 
hourly exposure: 76-100 ppb for 0, and 210 ppb for 
NO,. More recent data suggest that the levels of 
respirable particulates are also on the increase in the 
U.K. Information available from the London Air 
Quality Database indicates that in Central London 
the levels of particulates, between April 1992 and 
March 1993, exceeded the WHO guideline of a daily 
mean of 7Opg m-’ on six occasions. 
Epidemiological studies have suggested that air 
pollution is associated with impaired lung function, 
respiratory symptoms and hospital emergency room 
visits. Symptoms of rhinitis and chronic cough and 
phlegm have been associated with higher personal 
exposure to NO, in adults (10, 11). Continuous 
monitoring of asthmatics’ diary cards and environ- 
mental pollution levels has suggested that symptoms, 
inhaler consumption and peak flow are significantly 
worsened by increased levels of 0, in adults (12) with 
a lag effect of 0, exposure maximal between 2448 h 
(13). Lung function of asthmatic children at a sum- 
mer camp in California was negatively influenced by 
ambient 0, changes on a day to day basis (14). 
Similarly, increased levels of PM,, have been shown 
to be associated with worsening peak flow, inhaler 
usage and respiratory symptoms in asthmatic chil- 
dren with a lag effect of 24 h (15) and in adults with 
severe asthma, with a lag effect of 4 days (16). More 
recently, Dockery and colleagues have shown that 
there is also a significant association between fine 
particulate air pollution (PM,.,) and deaths from 
cardiopulmonary disease and lung cancer, even after 
adjusting for known risk factors (17). Emergency 
room visits for asthma in Finland were significantly 
associated with NO, and particulate levels, although 
only NO, was an independent association after con- 
trolling for temperature (18). In Seattle, U.S.A, PM,, 
levels were found to be associated with emergency 
room visits for asthma the following day (19). 
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Evidence suggests that allergic disease is becom- 
ing more common, particularly in industrialized 
societies. An indication, that air pollution might be 
responsible for this increase has come from a number 
of studies. One of the most dramatic increases in 
allergic disease has taken place in Japan, where cases 
of pollinosis which were hardly recognized half a 
century ago, have now become common. Ishizaki and 
colleagues (20) have found that people living along- 
side intercity main roads lined with old cedar trees 
and having heavy car traffic all day long had a higher 
incidence of allergic rhino-conjunctivitis (13.2%), 
compared to residents living in the cedar forest but 
with less intense traffic (51%), despite the pollen 
counts in both areas being similar. 
German unification has also provided an excellent 
opportunity to study the effect of pollution on gen- 
etically similar populations but living in different 
environments. A study by von Mutius and colleagues 
(21) has demonstrated that allergic conditions such as 
hay fever were more common in Munich (West 
Germany), compared to chronic bronchitis which 
was more common in Leipzig (East Germany). The 
authors suggested that these differences in prevalence 
in the two cities were probably the result of differ- 
ences in the type of air pollutants which predomi- 
nated: NO, in Munich compared with SO, and soot 
particulates in Leipzig. Similarly, Kramer and col- 
leagues (22) found a higher prevalence of ‘frequent 
cough’ and lower prevalence of asthma and rhinitis in 
preschool children from East German cities than in 
children from cities in West Germany. Interestingly, 
a study by Klein and colleagues (23) has suggested 
that antibodies against house dust mite and cat 
respectively, were increased in subjects in a Western 
city compared to those in an East German city, 
although there were no differences in antibodies 
against any of the outdoor allergens. This study 
suggests that the increase in prevalence of allergic 
respiratory disease in different communities is 
unlikely to be the result of a single factor such as an 
increase in pollution, but is likely to be dependent on 
a combination of factors, including differences in 
housing, increased exposure to allergenic sources 
which sensitize the individuals to allergic respiratory 
disease and general life styles of the communities. 
Studies of acute inhalation of pollutants, particu- 
larly SO, and O,, have demonstrated that these 
agents can produce marked symptomatic broncho- 
constriction, wheezing, chest-tightness or dyspnoea 
in patients with asthma (4, 5). Studies with O,, have 
demonstrated that this agent leads to concentration-, 
and exposure time-related changes in lung function, 
and that asthmatics and patients with chronic 
obstructive pulmonary disease do not appear to be 
more sensitive to 0, than ‘healthy’ subjects (4). More 
recent studies by Gwizdala and colleagues (24) how- 
ever, have demonstrated that although there were 
no significant differences in spirometric values and 
symptom scores between asthmatics and healthy 
volunteers exposed for 6 h to 200 ppb O,, there were 
significant increases in IL-6, IL-8 and PMNs in the 
BAL of only asthmatics, 24 h post exposure. These 
studies suggest that asthmatics may be more sensitive 
to the acute inflammatory effects of 0, than healthy 
volunteers. Results from other studies suggest that 
these pollutants may sensitize susceptible individuals 
to allergen and are more harmful in combination 
than individually. It has been suggested, that air 
pollutants may promote sensitization by binding to 
inhaled allergens and increasing their allergenic 
potency (25). Molfino and co-workers (26) found a 
significant reduction in the provocation concentra- 
tion of allergen necessary to produce a 15% reduction 
in the forced expiratory volume in 1 second (PC,, 
FEV,) in asthmatics after exposure to 120 ppb 0, for 
1 h. Similar findings have also been demonstrated by 
Jorres and co-workers (27). Preliminary findings 
from our laboratory have shown that exposure of 
mild asthmatic patients, for 6 h to a combination of 
400 ppb NO, and 200 ppb SO, caused a significant 
reduction in the provocation concentration of aller- 
gen required to reduce the forced expiratory volume 
in one second (FEV,) by 20% (PC,,FEV,), although 
the effect of each pollutant was not significant when 
investigated individually (28). To date there have 
been no laboratory based exposure studies using 
particulate pollutants and it is likely that this is a 
consequence of difficulties associated with generating 
known levels of specific particulates in the exposure 
chamber. 
Evidence of the mechanisms by which exposure to 
air pollutants may influence the development of 
allergic disease or exacerbation of symptoms has 
come from both in vivo and in-vitro experiments. 
Nasal, proximal bronchial and bronchoalveolar 
lavage studies have shown that air pollutants can 
induce an influx of inflammatory cells; such as 
neutrophils, eosinophils, lymphocytes, lysozyme 
positive alveolar macrophages and mast cells; 
and increase in production of pro-inflammatory 
mediators; such as prostaglandin E2, fibronectin, 
IL-6, IL-8, GM-CSF, and lactate dehydrogenase; 
into the respiratory tract (29-32). Studies from our 
laboratory have indicated that exposure of cultured 
human airway epithelial cells to NO, can decrease 
the ciliary beat frequency of these cells and lead 
to increased epithelial permeability (33) possibly 
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reducing the clearance of allergens and increasing the 
risk of inflammation. Additionally, these studies have 
demonstrated that exposure to both NO, and 0, 
induces the release of inflaminatory mediators, such 
as LTC, and sICAM-1 and pro-inflammatory cyto- 
kines such as GM-CSF, TNF-a and IL-8 (33-35). 
In conclusion, there is evidence that air pollution 
poses a risk to public health, which may become even 
greater as societies become more urbanized and 
energy requirements and industrialization increase. 
In view of the information available from both 
epidemiological and laboratory based investigations, 
it is clear that future investigations will have to 
address fundamental questions about the shortest 
exposure times and the minimum doses of specific 
pollutants required to elicit adverse effects on human 
health. In addition these investigations will have to 
account for the effects of pollutants in realistic com- 
binations, which are now known to be more relevant, 
due to their possible additive effects. Although 
politically contentious, another important issue that 
will have to be addressed, will be the re-evaluation 
and enforcement of internationally accepted safety 
guidelines, for exposure to recognized (and hitherto 
unrecognized) components of air pollution. Indeed, 
experience shows that these have required revision in 
the past. Whilst it would be impossible to eliminate 
the use of fossil fuels which are the main sources of 
these pollutants, it should not be impossible to find 
ways of utilizing these more efficiently whilst seeking 
and utilizing less polluting forms of energy. 
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